This study aimed to investigate if feeding patterns prior to and after artificial insemination (AI) affect the reproductive performances of ewes. Two breeds were used; the Barbarine (n = 133) and Queue Fine de l'Ouest (QFO; n = 129). For each breed, 2 experimental groups balanced for age and live weight were formed. For 75 days before AI, ewes in treatment High daily grazed for 6 hours and were supplemented with 0.6 kg of concentrate. For those in treatment Low-High, grazing was restricted to 3 hours only. From 21 days before insemination and the following 20 days, feeding pattern for Low-High ewes was switched to the High feeding regime. Changes in live weight and ovarian activity were monitored; conception rate and litter size were recorded. At the end of the restriction period and for both breeds, Low-High ewes reached lower live weights than High ewes (p < 0.05). Prior to AI and for both breeds, Low-High ewes weighed less than those in the High treatment group but no statistical differences were observed. At the end of the restriction period, more QFO ewes were cycling than for the Barbarine breed (75/129 vs. 55/133; p < 0.01). Further, less QFO ewes in the Low-High treatment were cycling than High ewes (30/65 vs. 45/64; p < 0.01). More QFO ewes conceived to AI than Barbarine counterparts (77/112 vs. 73/130; p < 0.05). For both breeds, higher proportions of ewes in the Low-High treatment groups conceived to AI but differences reached statistical significance only for Barbarine breed. Following a food-restriction period between weaning and mating, improved conception rates are achieved if the plane of nutrition is increased few weeks prior to and after AI in comparison to a continuous increase in live weight during the same period.
Introduction
In many parts of North Africa, West Asia and even the southern shore of the European continent, sheep are mated in spring -early summer when photoperiod is unfavourable for reproduction and when a variable proportion of ewes in the flocks experience anoestrus. The "ram effect" whether followed by natural mating (Khaldi, 1984) or by artificial insemination (AI) (Rekik, Lassoued, Saadoun, Arous, & Ben Sassi, 2003) was shown to be a powerful reproductive tool enabling local Tunisian breeds to be mated in such a way. In fact the "ram effect" is the response of anovulatory ewes, preconditioned by a period of isolation from rams to the introduction of rams by stimulating ovulation (Fulkerson, Adams, & Gherardi, 1981) . During March to June, when mating takes place for several Mediterranean breeds, broad seasonal and annual differences in rainfall and thermoperiod may result in large variations in feed supply and poor feeding on natural vegetation which contributes to impaired reproductive performances. In fact, based on the data of the World Meteorological Organization the month of March is characterized by lower temperature and greater rainfall (http://www.meteo.tn/htmlfr/donnees/juin.html). In the case of the fat-tailed Barbarine breed, which is a very frequent breed in Tunisia, altered nutrition of the ewes in spring that adds up to depleted body reserves after lactation reduces their response to the "ram effect" (Folch et al., 2000) and leads to severe losses in reproductive performance (Lassoued, Rekik, & Ben Salem, 2009 ). These losses are partly explained by the incapacity of the ewes to respond to the ram effect and therefore resume ovulation (Lassoued et al., 2009) . It is also reported (Branca, Mole, Sitzia, Decandia, & Landau, 2000) that impaired fertilization of ova and a high rate of embryo losses are to be blamed.
The stimulatory effect of nutrition on folliculogenesis and ovulation rate may be achieved by long-or short-term supplementations (Smith & Stewart, 1990; Martin, Rodger, & Blache, 2004; Scaramuzzi et al., 2006) . Long-term inputs cause the "static effect", in which heavy females have higher ovulation rates than light animals. As to shortterm nutritional supplementation, we can differentiate the "dynamic effect" by an increase in body weight and condition by a higher feeding over 3-4 weeks before mating, and the "immediate or acute effect", in which a supplementation for 4-6 days around the time of preovulatory follicle selection ("focus-feeding") increases the ovulation rate in the absence of a detectable change in body weight. In practice, improvements of the nutritional level to boost reproduction are usually carried out for as short period as possible to be economic. However, and under extensive farming conditions, the induced-climatic changes of feed availability occur at longer terms (scale of months) and their incidence on the outcome of reproductive rhythms and performances has not been extensively addressed at the experimental level. The aim of this paper is therefore to investigate the effect of imposing two different feeding patterns: 75 days prior to artificial insemination and the subsequent 20 days on the reproductive performances of Barbarine and Queue Fine de l'Ouest (QFO) ewes that were synchronised with progestagens and the introduction of rams.
Materials and Methods

Location, Animals and Design
The experiment was conducted in the sylvo-agro-pastoral pilot farm of Saouaf (Office de l'Elevageet des Pâturages) under semi-arid conditions (330 mm average annual rainfall; 35°N). The region experiences a Mediterranean climate with cool winters, hot dry summers and the possibility of recurrent droughts. On March the 15 th (early spring) a week after weaning, a total of 133 and 129 multiparous ewes of respectively the Barbarine and QFO were selected for the experiment. Barbarine ewes aged 3 to 8 years (mean live weight ± SD. 38.7 ± 4.24 kg at the start of the experiment) and QFO ewes aged 3 to 8 years (mean live weight ± SD. 43.6 ± 4.66 kg at the start of the experiment). Weaning took place when most of the lambs are 4 to 5-months old. The lambs were separated from their dams after an adaptation period of one week during which the lambs had access to their mothers only during night time.
The experiment had a 2x2 factorial design; the 2 independent variables being the breed of sheep and the feeding pattern. Animals for each of the two breeds were assigned to 2 approximately equal sized groups balanced for age and live weight. when the experiment ended, (Flushing period, 41 days), the ewes were allowed to graze for 6 hours/day and received 0.6 kg/ewe/day of a soybean mealbarley based concentrate supplement containing 12.34 MJ of metabolisable energy / kg DM, 156 g CP per kg DM and a DM content of 871 g/kg of fresh matter. Treatment Low-High was designed to mimic a spring shortage of feed when animals maintain or lose body weight (Restriction period), followed by a substantial increase in the feeding level prior to and after mating (Flushing period). From March 15 th until the end of the experiment on June the 20 th , ewes in treatment High and Low-High were allowed to graze pastures for 6 hours/day and daily supplemented with 0.6 kg/ewe concentrate. Treatment High was designed to mimic a steady, progressive body weight recovery between weaning and mating which is the management policy commonly adopted by the station to prepare animals for mating. Schedule of the time line of events during the experiment is reported in Figure 1 . 
Management of Reproduction
For both breeds and prior to artificial insemination, ewes in both treatment groups were strictly kept isolated from rams. In mid-May, intravaginal pessaries impregnated with 20 mg cronolone (Chronogest®; Intervet, Milton www.ccsenet.org/ijb International Journal of Biology Vol. 8, No. 1; 2016 Keynes, UK) were inserted in all ewes and were left in-situ for 14 days. At sponge withdrawal, experimental ewes of both breeds were respectively joined to 10 % of aproned adult Barbarine and QFO rams with proven libido and were continuously checked for oestrus by experienced technicians. When sponges are removed, ewes detected in oestrus within the first 36 hours or later were respectively inseminated with fresh semen at approximately 55 or 72 hours (Yves Cognié, Personal communication). Semen was collected by artificial vagina from 12 Barbarine and 8 Queue Fine de l'Ouest adult rams previously trained for semen collection using oestrous-induced ewes. Only ejaculates presenting a minimum concentration of 2.5 x 10 9 sperm per ml, measured by spectrophotometry at 540 nm (Accucell ® , Instruments de MédecineVétérinaire, IMV Paris, France) and a mass motility of at least 3.5 (determined on a scale of 5 using a contrast phase-microscope fitted with a heating plate) were selected for use. At each occasion, 2 consecutive ejaculates were collected from each ram at few minutes interval. Immediately after collection, the semen was diluted with a skimmed-milk diluent at 32-35 °C and ewes were inseminated cervically with 0.2 ml of diluted semen containing in average 400 x 10 6 sperm. Within breed, semen from different ejaculates was at random attributed to ewes in both treatment groups. All inseminations were carried out by the same experienced technician and mean date of artificial insemination was May the 31 st . The feeding regime was maintained for a further 20-day period after artificial insemination; during this period, the ewes were kept in isolation of rams and did not return to oestrus.
Measurements
Body weight for ewes of both breeds was measured 3 times using a weighing machine: at the beginning of the experiment, at the end of the restriction period and prior to artificial insemination that is 20 days in flushing period. Cycling ovarian activity for all the experimental ewes of both breeds was assessed by mid-ventral laparoscopy at the start of the experiment and at the end of the restriction period. In fact, animals were placed in dorsal recumbence in a metallic cradle with their heads tilted downwards at a 30-45º angle. Moreover, laparoscopies were performed with a 5-mm endoscope (Karl Storz®, Tuttlingen, Germany), under local anaesthesia, using 1 ml of 2 % procaine (Lidoject®; Labesfal, Campo de Besteiros, Portugal) injected subcutaneously on the mid-ventral area, 3-4 cm anterior to the udder. The number of lambs born per ewe was recorded and this data allowed determining the number of ewes conceiving and then lambing due to artificial insemination as well as litter size.
Statistical Analysis
Results for live weight were analysed using the ANOVA procedure (SAS Version 9.1, SAS Inst. Inc., Cary, NC, USA, 2005). Sources of variation included breed, feeding regime, and breed x feedingregime interaction. The random variable was ewe within treatment. The effects of breed or feeding regime on binary variables such as animals ovulating or manifesting oestrus as well as on categorical variables such as ovulation rate and litter size were analysed using the CATMOD procedure (SAS Version 9.1, SAS Inst. Inc., Cary, NC, USA, 2005). Unless otherwise stated, all the values are presented as mean ± standard deviation (SD).
Results
For live weight data, effects of the interaction breed x feeding regime were not significant at any weighing time (p > 0.05). At the end of the restriction period, Barbarine ewes of both treatment groups gained weight (Figure 2) . However, the increase was much lower for the Low-High ewes and significant differences occurred in live weight between ewes in both treatment groups at the end of the restriction period (p < 0.05). Over the same period, LowHigh ewes of the QFO breed slightly lost weight and ended up this first feeding period with a significantly (p < 0.001) lower live weight than High ewes (41.3 ± 5.51 vs. 47.1 ± 4.89 kg for respectively Low-High and High ewes; Figure 2 ). When measured after 20 days in the flushing period, Low-High ewes of both breeds gained weight. Prior to AI and for both breeds, Low-High ewes weighed less than those in the High treatment group but no statistical differences were observed.
At the start of the experiment, 7/133 (≈ 5%) and 21/129 (≈ 16%) ewes of the Barbarine and QFO breeds were respectively shown to be cycling as assessed by the presence of at least one corpus luteum (p < 0.01). At the end of the restriction period and for both breeds, there was a substantial increase in the proportion of animals spontaneously cycling (Figure 3 ). Between breeds, more QFO ewes were cycling in comparison to those of the Barbarine breed (75/129 vs. 55/133; p < 0.01). Restriction period of feeding had no effect on the proportion of Barbarine ewes spontaneously cycling; figures being 26/66 and 29/67 for respectively ewes in treatments LowHigh and High (Figure 3) . In contrast, the proportion of spontaneously cycling ewes for Low-High QFO ewes was significantly lower than for High ewes of the same breed at the end of the restriction period (30/65 vs. 45/64; p < 0.01). Neither breed, nor feeding regime affected ovulation rate being 1.08 ± 0.18 and 1.14 ± 0.26 for Barbarine ewes of respectively Low-High and High treatments. Following withdrawal of the progestagen-impregnated sponges and introduction of rams, oestrous manifestation of the ewes of the Barbarine and QFO breeds were high (respectively 130/133, 97.7% and 112/129, 86.8%; p > 0.05) and unaffected by the feeding regime (Figure 4) . For both breeds, most sheep (62 and 75% for respectively Barbarine and QFO breeds) came into oestrus within the first 36 hours after removal of sponges and for both breeds these proportions were higher (p < 0.05) than for those observed in oestrus after 36 hours. Within breed, means or proportions in the same column with different superscripts are significantly different (p < 0.05).
Discussion
Changes in Live Weight
Initial difference in live weight between the Barbarine and QFO ewes are related to breed characteristics with QFO animals having a heavier weight than Barbarine counterparts (Rekik, Aloulou & Ben Hamouda, 2005) . In this trial, the imposed feeding regimes were successful in inducing differences in live weight culminating at significant deviations at the end of the restriction period between ewes in Low-High and High experimental groups. At the end of the restriction period, Low-High Barbarine ewes slightly gained weight, while under the same management and grazing conditions, Low-High QFO ewes lost weight, hence indicating a higher sensitivity of this latter breed to feed shortages. Differences in live weight between the two treatment groups faded after 20 days of flushing. This could be explained that Low-High ewes in both breeds have undergone compensatory growth following increase of their feeding level. For the Barbarine, rapid compensation is reported as one of the adaptive traits of www.ccsenet.org/ijb International Journal of Biology Vol. 8, No. 1; 2016 this breed (Lassoued 1998; Ben Salem, Lassoued & Rekik, 2011) . For QFO ewes, High ewes maintained the highest live weight amongst all other experimental groups, perhaps explaining the higher litter size recorded for this group since within species, larger breeds tended to produce larger litters even if the reverse relationship can occurred and could be explained with the duration of pregnancy. In fact the gestation length of a species is positively related to adult body weight, the foetuses of larger species take longer to grow from conception to around 5% of their adult weight than those of smaller species (Michels, Decuypere & Onagbesan, 2000) ..
Cyclic Ovarian Activity
Initial proportions of cyclic ewes were low indicating the cumulated effects of increasing photoperiod (mid-March) and depletion of body reserves at the end of the suckling phase. Increases in the proportions of cyclic ewes between mid-March and early May are well documented for both breeds (Khaldi 1984; Lassoued & Khaldi, 1995) and indicate the low depth of anoestrus under the prevailing photoperiod. The lower proportion of cycling Barbarine ewes initially and in May at the end of the restriction period may again underline differences between the two studied breeds in sensitivity to anoestrus. However, unlike temperate breeds, photoperiod is not the major factor affecting seasonality of reproduction. It acts in interaction with thermoperiod, nutrition and social stimuli (Gonzalez-Bulnes, Meza-Herrera, Rekik, Ben Salem & Kridli, 2010) . For breeds thriving in arid and semi-arid environments, nutrition is a key environmental factor influencing reproduction and with relation to the breeds included in this study, underfeeding Barbarine ewes during end of pregnancy and early lactation may deeply modify subsequent spring spontaneous ovulatory activity and decrease the percentage of cycling ewes in May (from 66% to 34%; Lassoued, 1998) . In our case, this interaction was best expressed for QFO ewes as assessed by the significantly lower proportion of cycling Low-High ewes at the end of the restriction period.
Oestrous Response
The obtained oestrous response to introduction of rams after a period of progestagen priming is high for both breeds. A similar high response was reported by Rekik et al. (2003) for the Barbarine breed. Such response comprises a classic oestrous synchronisation of those ewes that were spontaneously cycling at the end of the restriction period. It also comprises a response to the ram effect for the ewes found not cycling. Indeed, these latter ewes were subjected to progestagen priming after examination of their ovaries in May and therefore, their oestrous response is likely the result of a "Ram Effect" induced ovulation (Rosa & Bryant, 2002) . For these ewes, progestagen priming allowed expression of oestrus at the induced ovulation; a similar result has been reported for the Barbarine breed by Lassoued and Khaldi (1990) with a synchronous oestrous expression between day 0 and day 4 after introduction of rams. For both breeds, absence of differences between experimental groups lends support to the conclusions of Atti, Bocquier and Khaldi (2004) that local Tunisian breeds thriving in harsh environments conserve a very high ability to reproduce despite broad changes in feeding provision and body condition.
Conception Rate after Artificial Insemination
Overall conception rate in this trial following progestagen priming and introduction of rams is nearly 62%. Such rate is technically satisfactory and is even higher than the 49% conception rate reported for the same breed using a standard synchronising protocol that combines progestagen priming for 14 days and injection of 400 I.U. of eCG (Rekik & Ben Sassi, 1996) . It also compares to results emanating from large scale AI programmes in European countries (Meat and Livestock Commission 1982; Corteel & Paquignon, 1984) . The higher conception rate for QFO ewes is difficult to explain as for both breeds, care was taken to discard inappropriate ejaculates and insemination was carried out by the same trained technician according to the same procedures. Once again, this raises the question of possible differences between the two studied breeds with regards their reproductive potential and performances.
A valuable result that emerges from this study is the higher conception rate for Low-High ewes of both breeds when compared to High counterparts, though only significant for the Barbarine. For Low-High, elevation of the feeding level started 21 days before the mean date of insemination and therefore, this finding calls-up the classic "flushing effect" commonly reported in sheep flocks management and whereby, supply of extra feed prior to mating improves reproductive performance (Smith, 1991) . Coincidentally, this finding is supported in early findings by Lamond and Bindon (1969) who provided evidence that in both the mouse and the ewe, a reduced plane of nutrition followed by refeeding on a high level, is associated with a greater ovulatory response.
It is concluded that for Barbarine and QFO ewes that populate the steppes of semi-arid and arid Tunisia, farmers can achieve satisfactory conception rates if the ewes maintain constant or slightly lose weight between weaning and mating and if the plane of nutrition is increased few weeks prior and after mating. Such strategy is apparently www.ccsenet.org/ijb
International Journal of Biology Vol. 8, No. 1; 2016 more profitable than adopting feeding strategies that would prompt a continuous increase in live weight between weaning and mating.
